This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 



TEXT CUT OFF AT TOP, BOTTOM OR SIDES 



FADED TEXT 



ILLEGIBLE TEXT 



SKEWED/SLANTED IMAGES 



COLORED PHOTOS 



BLACK OR VERY BLACK AND WHITE DARK PHOTOS 



GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 . 
A61B 17/34$ 


Al 


(ID International Publication Number: WO 94/14383 
(43) International Publication Date: 7 July 1994 (07.07.94) 


• 

(21) International Application Number: PCT/US92/1 1002 

(22) International Filing Date: 22 December 1992 (22.1232) 

(71) Applicant: LASER ENGINEERING, INC [US/US]; 113 

Cedar Street, Milfcrd, MA 01757 (US). 

(72) Inventor: RUDKO, Robert, L; 4 Short Road, Hoffiston, MA 

01746 (US). 

(74) Agents: IANDIORIO, Joseph, S. et al; IandBorio & Diagman, 
260 Bear Hill Road, Waltham, MA 02154 (US). 


(81) Designated States: BY, CA, JP, European patent (AT, BE CH, 
DE, DK, ES, FR. GB, GR, IE, IT, LU, MC, NL. FT, SE). 

Pubbshed 

With international search report 



(54) Title: HANDPIECE FOR TRANSMYOCARDIAL VASCULARIZATION HEART-SYNCHRONIZED PULSED LASER SYSTEM 




(57) Abstract 

A handpiece for use in transmvocanfial revascularization heart-synchronized pulsed laser system includes a barrel (24) having a 
passage (62) for transmitting a laser beam; a surface (32) at me distal end of the barrel for contacting the wall of the heart (66); an aperture 
(26) located at the distal end of the barrel in the enlarged surface (32) for transmitting the laser beam; and means for focusing (42) the 
laser beam proximate to the aperture to vaporize the tissue of the heart wall and create a hole to the interior heart chamber. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AO 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Baitadot 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netueihods 


BP 


Burfcuji Ftso 


m 


Hungary 


NO 


Norway 


BG 


Bulgaria 


m 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Polmd 


BR 


Bum 


JP 


Japan 


PT 


Portugal 


BY 


Bdara 


EE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Ccctnd Afticaa RcpOhlic 


KP 


Democratic People' i Repnbtic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Swedo 


CH 




KR 


Republic of Korea 


SI 


Slovenia 


a 


Cole <TI voire 


KZ 




SK 


Slovakia 


CM 


Cameroon 


U 




SN 


Senega] 


CN 


China 


LK 


Sd Lanka 


TO 


Chad 


cs 


CDcchotrtovakla 


LU 


Luxembourg 


TC 


Togo 


cz 


Czech Republic 


LV 


Latvia 


Tl 


Tapittan 


DS 


Germany 


MC 


Monaco 


TT 


Trinidad and Ibbagn 


DK 




MD 


Republic of Moldori 
Madagascar 


UA 


Ukraine 


B8 


Spain 


MG 


US 


United Stales of Ami 


n 


finland 


ML 


Mali 


02 


Uzbekistan 


FR 


Pnooc 


MN 


Mongolia 


VN 


Vtet Nam 


GA 


Gabon 











WO 94/14383 



PCT/US92/11002 



1 

HANDPIECE FOR TRANSMYOCARDIAL VASCULARIZATION 
HEART- SYNCHRONIZED PULSED LASER SYSTEM 

FIELD OF INVENTION 

This invention relates to a handpiece for use in a 
transmyocardial vascularization heart-synchroni2ed pulsed 

■ 

laser system, and more particularly to such a handpiece whose 
contact surface avoids destabilization of the beating heart. 

RELATED CASES 

This application is related to and incorporates herein by 
reference the following applications having common inventors 
and assignee and filed on even date herewith: 
"Heart-Synchronized Pulsed Laser System", by Robert I. Rudko 
and Stephen J. Linhares (Docket No. LE-109J) ; "Long Pulse, 
Fast Flow Laser System and Method" , by Robert I. Rudko (Docket 
No. LE-110J) ; and "Heart-Synchronized Vacuum- Assisted Pulsed 
Laser System and Method", by Robert I. Rudko (Docket No. 
LE-112 J) . 

BACKGROUND OF INVENTION 

Transmyocardial revascularization (TMR) is an alternative 
technique to bypass surgery for increasing blood flow to the 
heart muscle. It involves the puncturing of the heart wall 
with a laser to form a plurality of holes which heal on the 
outside but remain open on the inside of the heart, to provide 
an alternative source of blood to the heart muscle* This 
technique has been employed on a stilled, by-passed heart 
using a C0 2 laser with a hand-piece which rests on the heart in 
order to ensure that the laser beam focus occurs at the 
correct point on the heart. Recently, a dramatic improvement 
in TMR has enabled this technique to be used on a beating 
heart without the need to slow or still it. This has been 
accomplished with an innovative synchronizing approach 
disclosed in one or more of the U.S. patent applications 
listed above under Related Cases and incorporated herein by 
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reference. However, this has introduced new problems. A 
beating heart is electrically active; the contact of a 
handpiece against the heart wall disrupts that electrical 
activity and interferes with the heart function- Arrhythmia 
and fibrillation can occur and can result in heart failure. 
Further,, any interference with the electrical field of the 
heart interrupts the synchronous operation of the laser so 
that the laser is no longer constrained to fire at the optimum 
moment in the beating heart cycle. The current handpieces 
used with C0 2 lasers have a relatively sharp tip on a gauge rod 
extending from the end of the handpiece used to consistently 
position the handpiece at the proper distance from the stilled 
heart wall for accurate laser beam focusing and impingement. 
Such a tip creates increased pressure on the heart, which can 
cause arrhythmia, fibrillation, and can even puncture the wall 
of the heart. Further, with these handpieces it is difficult 
to maintain the laser beam perpendicular with the wall of a 
beating heart as is necessary to effect clean, correctly 
placed hples in the heart wall. 

SUMMARY OF INVENTION 
It is therefore an object of this invention to provide 
an improved laser handpiece for a heart-synchronized pulsed • 
laser system for transmyocardial vascularization. 

It is a further object; of this invention to provide such 
a laser handpiece which more readily maintains 
perpendicularity with the wall of a beating heart. 

It is a further object of this invention to provide such 
a laser handpiece which accurately locates the laser beam 
focal point at the correct point on the heart wall. 

It is a further object of this invention to provide such 
a laser handpiece which reduces interference with the heart 
electric field and function. 

It is a further object of this invention to provide such 
a laser handpiece which dissipates the laser plume to prevent 
interference with or damage to the laser beam lens. 

This invention results from the realization that an 
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effective and safe handpiece capable of contacting the wall of 
a beating heart to insure proper location and focus of the 
laser beam, yet minimize danger to or interference with the 
beating heart can be achieved by focusing the laser beam in 
the vicinity of the laser beam exit aperture at the end of the 
handpiece and providing a large, smooth, flat heart contact 
surface at that end of the handpiece to. minimize pressure on 
an interference with the beating heart. 

This invention features a handpiece for use in a 
transmyocardial vascularization heart-synchronized pulsed 
laser system including a barrel having a passage for 
transmitting a laser beam. There is a surface at the distal 
end of the barrel for contacting the wall of the heart and an 
aperture located at the distal end of the barrel in the 
enlarged surface for transmitting a laser beam. There are 
means for focusing a laser beam proximate to the aperture to 
vaporize the tissue of the heart wall to create a hole to the 
interior of the heart chamber. In a preferred embodiment the 
handpiece further includes means for introducing a gas to 
purge the passage, between the aperture and the means for 
focusing, of debris from the vaporized heart wall. There may 
also be exhaust means for for venting the debris purged by the 
gas. The barrel may be straight or may be angled and include 
deflecting means for redirecting the laser beam along the 
angled barrel. The deflecting means may include a mirror. 
The contact surface at the distal end of the barrel is 
generally smooth and flat with rounded edges, and is generally 
greater than 1 cm in diameter. The gas may be introduced 
proximate the means for focusing and exhausted proximate the 
aperture. The beam may be focused beyond the enlarged 
surface, within the barrel or intermediately within the 
aperture . 

DISCLOSURE OF PREFERRED EMBODIMENT 

Other objects, features and advantages will occur to 
those skilled in the art from the following description of a 
preferred embodiment and the accompanying drawings, in which: 
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Fig. 1 is a three-dimensional view of a C0 2 surgical laser 
system employing the handpiece of this invention; 

Fig, 2 is an enlarged view of a handpiece according to 
this invention and a portion of the articulated optical arm 
which carries it; 

Fig. 3 is an enlarged cross-sectional view of the 
focusing lens section of the handpiece of Figs. 1 and 2; 

Fig. 4 is an enlarged sectional view of the barrel of the 
handpiece of Figs, l and 2; and 

Fig. 5 is a side elevational view with portions broken 
away of an alternative form of barrel similar to that shown in 
Fig. 4. 

The handpiece of this invention for use in a 
transmyocardial revascularization heart-synchronized pulsed 
laser system may be accomplished using a barrel having a 
passage for transmitting a laser beam. The barrel may be 
simply a hollow tube. There is a surface at the distal end of 
the barrel for contacting the wall of the heart. This surface 
is smooth and flat so that there are no sharp edges to probe 
or prick the heart wall. It is also broad in order to 
minimize the contact pressure between the handpiece and the 
heart wall and minimize interference with the operation* of the 
heart muscle and the electrical activity of the beating heart. 
The handpiece, at least at its contact surface, is 
electrically and thermally insulating for the same purpose. 
There is an aperture located at the distal end of the barrel 
in the enlarged surface for transmitting a laser beam through 
to the heart wall. There are also some means for focusing the 
laser beam proximate to the aperture to vaporize the tissue of 
the heart wall and create a hole through the wall to the 
interior of the heart chamber. The laser may be focused at, 
near or beyond the aperture. There is an inlet to introduce a 
purging gas through the passage to purge, the aperture and the 
means for focusing, of debris produced by the vaporization of 
the heart wall by the laser beam. The means for focusing is 
typically a lens which is mounted in the focusing unit or lens 
unit associated with the barrel. There is one or more outlets 
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proximate the distal end of the barrel through which the 
purged gas with the debris is vented. The barrel may be 
straight or may be angled. If it is angled there are suitable 
deflecting means such as mirrors or reflectors, to redirect 
the beam along the angled or curved barrel. Typically the 
enlarged surface for contacting the heart is l cm or more in 
diameter. 

There is shown in Fig. 1 a surgical laser system 10 
including a power supply 12 and control panel 14 for operating 
C0 2 laser 16, whose output beam is directed through@@ F 

articulated arm 18 to handpiece 20. Handpiece 20 may 
include a lens unit 22 including a lens for focusing the laser 
beam and a barrel 24 which includes an aperture 26 through 
which the laser beam 28 exits. The distal end 30 of barrel 24 
includes an enlarged contact surface 32 for contacting the 
wall of the heart to be perforated by the laser beam. Surface 
32 is relatively large to minimize the contact pressure 
between it and the heart wall, and is flat and smooth with 
rounded edges to minimize interference with the heart. 
Surface 32 is typically l cm or greater in diameter, and may 
be electrically and thermally insulating. 

The focusing unit or lens unit 22, Fig. 3, includes a 
threaded portion 38 for interconnection with arm 18, and a 
threaded portion 40 which interconnects with barrel 24. 
Carried within unit 22 is focusing lens 42. An inlet tube 44 
is joined by interference fit with bore 46 and a cylindrical 
wall 48 of unit 22. At its free end 50, inlet 44 is connected 
to a hose 52 which is. in turn connected to a purge gas source 
54 which provides a gas such as co 2 under gentle pressure to 
create a backflow from lens 42 forward into barrel 24. This 
keeps any debris from the vaporization from contacting and 
obscuring or damaging lens 42. Lens 42 is positioned directly 
in line with passage 56 provided in unit 22 for propagation of 
the laser beam. Threads 40 of lens unit 22 engage with 
threads 60 of barrel 24, Fig. 4, which also includes a passage 
62 which communicates with laser aperture 26 to create a clear 
passage for the propagation of laser beam 20a to wall 66 of a 
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■ 

beating heart. Lens 42 focuses the laser beam proximate 
aperture 26 and surface 32. 

As can be seen clearly in Fig. 4, contact surface 32 is 
considerably broader than the cross-sectional area of barrel 
24 alone and is formed in the shape of a flange with surface 
32 being smooth and flat and all the edges rounded. This 
increases the area of contact with the heart, and therefore 
decreases the pressure or force per unit area on the heart. It 
also provides a more stable platform by which to maintain 
perpendicularity between the beam 28 and the heart wall 66. 
Thus this construction provides the necessary precision in 
locating the focus of the beam on the heart wall without 
interfering with the heart operation or its electrical 
activity. Barrel 24 includes vent holes 70, 72 for exhausting 
the purging gas and trapped debris away from the lens 42 and 
away from aperture 26. 

Although barrel 24 has been shown as a straight member, 
this is not a necessary limitation of the invention. For 
example, barrel 24a, Fig. 5, may include a right angle 
configuration 80, so that surface 32a is facing at right 
angles to the path of the beam 28. A reflective surface 82 is 
provided to reflect the beam from an incoming path parallel to 
axis 84 to the outgoing path parallel to axis 86. One or more 
vent holes 88 are provided for exhausting the first gas. 

Although specific features of the invention are shown in 
some drawings and not others, this is for convenience only as 
each feature may be combined with any or all of the other 
features in accordance with the invention. 

other embodiments will occur to those skilled in the art 
and are within the following claims: 

What is claimed is: 
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CLAIMS 

1. A handpiece for use in a transmyocardial 
revascularization heart-synchronized pulsed laser system, 
comprising: 

a barrel having a passage for transmitting a laser 

beam; 

a surface at the distal end of said barrel for 

■ 

contacting the wall of the heart; 

an aperture located at said distal end of said , 
barrel in said enlarged surface for transmitting the laser 
beam; and 

means for focusing the laser beam proximate to the 
aperture to vaporize the tissue of the heart wall and create a 
hole to the interior heart chamber. 

2. The handpiece of claim 2 further including means for 
introducing a gas to purge said passage between the aperture 
and said means for focusing of debris from the vaporized heart 
wall. 

3. The handpiece of claim 1 further including exhaust 
means for venting the debris purged by the gas. 

4* The handpiece of claim l in which said barrel is 
straight. 

5. The handpiece of claim l in which at least said 
contact surface is electrically insulating. 

6. The handpiece of claim 1 in which at least said 
contact surface is thermally insulating. 

7. The handpiece of claim 1 in which said barrel is 
angled and includes deflecting means for directing the laser 
beam along the angled barrel. 
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8. The handpiece of claim 7 in which said deflecting 
means includes a mirror. 

9. The handpiece of claim 1 in which said contact 
surface is generally smooth and flat with rounded edges. 

10. The handpiece of claim 1 in which said contact 
surface is generally greater than one centimeter in diameter. 

11. The handpiece of claim 2 in which said gas is 
introduced proximate the means for focusing. 

12. The handpiece of claim 3 in which said gas is 
exhausted proximate said aperture. 

13. The handpiece of claim 1 in which said means for 
focusing focuses the laser beam beyond said enlarged surface. 

14. The handpiece of claim 1 in which said means for 
focusing focuses the laser beam within said barrel. 

15. The handpiece of claim 1 in which said means for 
focusing focuses the laser beam in said aperture. 
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